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Abstract 
The engineering vehicle radiator module is an important part of the cooling system. The heat transfer performance of a 
radiator module has a direct impact on the state of cooling system thermal equilibrium. Therefore, it is essential for the engine 
vehicle to make accurate calculation of the heat transfer performance. Both the air flow rate through the radiator module and 
air flow distribution in the engine compartment are important parameters affecting the heat transfer performance of the 
radiator modules. In the simulation, the characteristic of air flow through the radiator module in engine compartment is 
researched. The simulation results were validated with experimental data. The research results indicate that the hot air reflow 
in engine compartment is the main factor that leads to radiator module overheating. 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Chinese Overseas 
Transportation Association (COTA). 
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1. Introduction 
With the development of China's economy, a large number of infrastructure are carried out then the 
engineering vehicles market demand is increasing. The feature of engineering vehicle is high engine power and 
high energy consumption, and energy conservation is an important factor for its design match. The engineering 
vehicle radiator module is an important part of the cooling system. The heat transfer performance of radiator 
module a direct impact on the state of thermal equilibrium. If you can not maintain a normal state of thermal 
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equilibrium, the temperature of the engine is too high or too low, and it will lead to the decline of the engine 
power, economy and reliability. Therefore, it is essential for the engine vehicle that accurate calculation of the 
heat transfer performance to ensure the vehicle in a reasonable thermal equilibrium state for the engine power and 
economy. The air flow rate through the radiator module in the engine compartment is an important parameter 
affecting the heat transfer performance of the radiator modules. 
With the rapid development of the technology of computing power and numerical calculations, computational 
fluid dynamics (CFD) simulation analysis as a design research tools, and applications in the research of the 
engineering vehicles. Compared with the experimental study, the use of the CFD technology has high calculated 
speed, high precision, low cost and can be simulated liquid flow in complex structure. Boundary conditions and 
impact parameter can be changed analysis of various parameters for the impact of the research system will be 
made,  then validate the results of the analysis by the test data, and reduce the number of test to save development 
cost and shorten the development cycle[1] 
 
2. Physical model and computational domain 
In this paper, engineering vehicle ZL50 wheel loader is as research object. In accordance with the actual size 
of the wheel loader compartment and its internal components, establish the three-dimensional solid geometry 
model of wheel loader power compartment and the internal components[2]. A virtual wind tunnel model is set up 
according to the theory of aerodynamics. Figure1 is the three-dimensional solid geometry model of wheel loader 
power compartment. Figure2 is a virtual wind tunnel model[3]. 
 
 
Fig. 1. three-dimensional solid geometry model of wheel loader power compartment 
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Fig. 2. virtual wind tunnel model 
3. Mathematical model 
3.1. Control equation 
The fluid state of calculate area is three-dimensional incompressible, steady-state, turbulent flow. 
Corresponding control equation is as follows 
Continuity equation 
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3.2. Boundary conditions 
The boundary conditions are that in the entrance is velocity inlet, and pressure outlet at the exit. The remaining 
four surface of virtual wind tunnel is set with the wall, and the wall is the standard wall, no-slip boundary wall. 
Under the corresponding working conditions, with the principles of the relative velocity, the entrance condition 
of virtual wind tunnel using different uniform air flow velocity as the speed of the inlet boundary[4]. 
4. Simulation and experiment 
4.1. Simulation result 
Simulation analysis is made for ZL50 wheel loader with typical conditions spading condition . The 
Analysis is focus on air flow distribution in power compartment. Then based on the law of air flow distribution, 
the characteristic of air flow through the radiator module is researched. Figure 3 shows air velocity distribution of 
power compartment longitudinal section in spading conditions.  
 
Fig. 3. air velocity distribution of power compartment longitudinal section in spading conditions 
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Figure 4 shows air velocity distribution of power compartment fragmentary of longitudinal section in spading 
conditions longitudinal cross. 
 
Fig. 4. air velocity distribution of power compartment fragmentary of longitudinal section in spading conditions longitudinal cross 
Figure 5shows the air velocity distribution of radiator modules inlet 
 
Fig. 5. the air velocity distribution of radiator modules inlet 
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Figure 6 shows air velocity distribution of the radiator modules outlet  
 
Fig. 6. air velocity distribution of the radiator modules outlet 
The intake form has no windward for the ZL50 wheel loader structure characteristics. The air flow rate 
through the radiator module in power compartment is mainly provided by the cooling fan. Since the cooling fan 
rotation uneven pressure distribution, so that there is the inlet air velocity distribution of the radiator modules on 
uneven. As shown in Figure 5 and Figure 6. Due to the rotating action of the cooling fan, unevenness of pressure 
distribution is formed in the radiator module at the entrance. Air flow through the radiator module, due to its 
resistance characteristics so that the pressure is further reduced, the unevenness of pressure distribution 
decreased.[5]. 
4.2. Simulation and test comparison 
In spading conditions, the air flow velocity distribution of radiator module test in power compartment outlet is 
made for ZL50 wheel loader. The corresponding test data is shown in the following table. 
Table 1. Air flow velocity distribution of radiator module 
Distribution of test 
point location 
1 2 3 4 5 6 7 8 9 
First test 11.3 9.4 9.8 6.1 4.2 9.4 8.5 7.7 10.3 
Second test 10.2 8.2 9.7 7.2 4.1 10.1 9.1 9.2 10.8 
Third test 10.6 8.5 10.3 6.9 4.2 9.4 9.4 7.6 10.6 
average 10.7 8.7 9.9 6.7 4.2 9.6 9.0 8.2 10.6 
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Simulation data with test contrast, the results are in good agreement. It is proved that this computation method 
is feasible. 
Conclusions 
There is air reflow phenomenon between the top of the power compartment and the top of the radiator module. 
Due to the presence of air reflow, resulting in part of hot air flowing through the radiator module to re-flowing 
into the radiator modules. This part of the recirculation of hot air causes the radiator heat exchanger performance 
degradation. In the design process should improve the design to reduce reflux. 
. 
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